Sonically treated and saline-extracted antigens of Brucella ovis, B. canis, B. abortus, and B. melitensis were compared in gel diffusion, complement fixation, and serum absorption tests. All the sonically extracted antigens showed cross-reactions with sera from animals infected or immunized with these species, whereas the saline-extracted antigens were specific for the surface of the rough or smooth colonial phase of the species or strain. The saline-extracted antigens of B. ovis and B. melitensis were both eluted as a single peak in the void volume by Sephadex G-200 antigens of the four species of Brucella were compared in gel diffusion, immunoelectrophoresis, and complement fixation tests. The sonically treated antigens showed cross-reactions with sera from animals infected or immunized with other Brucella species. The saline-extracted antigens reacted with either anti-rough phase brucella sera or anti-smooth phase brucella sera, but species-specific antigens were not detected. The saline-extracted antigen of B. ovis was as sensitive for the diagnosis of ram epididymitis as the sonically treated antigen in both gel diffusion and complement fixation tests, and did not show crossreactions with sera from smooth Brucella infections. It had the additional advantage of not being anti-complementary.
Sonically treated and saline-extracted antigens of Brucella ovis, B. canis, B. abortus, and B. melitensis were compared in gel diffusion, complement fixation, and serum absorption tests. All the sonically extracted antigens showed cross-reactions with sera from animals infected or immunized with these species, whereas the saline-extracted antigens were specific for the surface of the rough or smooth colonial phase of the species or strain. The saline-extracted antigens of B. ovis and B. melitensis were both eluted as a single peak in the void volume by Sephadex G-200 column chromatography, in gel diffusion had staining characteristics of lipoproteins, but in immunoelectrophoresis showed distinct mobility patterns. Serological activity for both gel diffusion and complement fixation tests was demonstrated in the immunoglobulin G-containing fraction of sera taken from sheep 12 (3) was used for both tests. In view of the gel diffusion studies of Diaz et al. (11, 12) showing extensive cross-reactions between the sonically treated antigens of B. ovis, B. melitensis, B. abortus, and B. canis, the specificity of this antigen for the diagnosis of ram epididymitis was investigated. Sonically treated and saline-extracted antigens of the four species of Brucella were compared in gel diffusion, immunoelectrophoresis, and complement fixation tests. The sonically treated antigens showed cross-reactions with sera from animals infected or immunized with other Brucella species. The saline-extracted antigens reacted with either anti-rough phase brucella sera or anti-smooth phase brucella sera, but species-specific antigens were not detected. The saline-extracted antigen of B. ovis was as sensitive for the diagnosis of ram epididymitis as the sonically treated antigen in both gel diffusion and complement fixation tests, and did not show crossreactions with sera from smooth Brucella infections. It had the additional advantage of not being anti-complementary.
Serological activity was restricted to the immunoglobulin G (IgG) fractions of sera taken from rams 12 to 412 days after infection with B. ovis in both the gel diffusion and the complement fixation tests. Selected sheep and goat sera (see Table 4 ) were fractionated by gel filtration through Sephadex G- Selected sera were absorbed with antigens in the following manner. The soluble antigens were freezedried in 2-ml amounts, and 0.7 ml of serum was added to the dried antigen. For absorption with whole-cell antigens, a large loopful of growth from a 48-hr culture was suspended in 0.7 ml of serum. The sera containing absorbing antigens were allowed to stand at room temperature for 1 Scheidegger (18) .
MATERIALS AND METHODS
Immunoelectrophoresis and gel diffusion slides were examined before and after staining by the methods described by Crowle (9) . Some slides were stained first with Sudan black for an indication of the presence of lipoproteins, restained with amido schwarz (9) , and photographed.
The complement fixation test for B. ovis infections was described previously (16) . Dilutions of sera were employed to compare antigens.
Titers to smooth Brucella antigen in the tube agglutination, mercaptoethanol, and complement fixation tests were obtained by methods employed by Jones Table 1 and Fig. 1A . None of the lines developed by the sera from smooth Brucella, B. abortus 45/20, and B. melitensis smooth phase retained the Sudan black stain.
The saline extract of B. ovis produced lines with homologous sera, with anti-B. canis serum, and with sera from goats vaccinated with rough 45/20, but did not produce lines with sera from goats either vaccinated or infected with smooth Brucella (Table 1, Fig. 1B ). These results were found to be consistent where several concentrations of the serum and the saline-extracted antigen were tried. One of the lines developed by anti-B. ovis serum was stained with Sudan black. Similarly, the-saline extract of B. canis developed lines with all sera from animals vaccinated or infected with rough Brucella but not with sera from animals vaccinated or infected with smooth Brucella. The extract from smooth B. melitensis (Table  1 , Fig. 1C ) produced lines only with sera from goats infected with smooth Brucella, and these lines retained the Sudan black stain. These sera also had high agglutination and complement fixation titers against smooth Brucella antigen (Jones, Garcia-Carrillo, and Alton, Amer. J. Vet. Res., in press).
Absorption of sera. Serum from a sheep infected with B. ovis and a goat infected with Saline extracts did not absorb precipitins for the sonically treated antigens but they did absorb precipitins for the homologous salineextracted antigen.
The sonically treated antigens absorbed partially or entirely the precipitins for all the sonically treated antigens in all sera, but removed only the homologous precipitins for the homologous saline-extracted antigen.
This suggests that the saline extracts contained mainly surface antigens which were specific for the colonial type of the strain, whereas the sonically treated antigens contained these antigens as well as internal antigens common to both colonial types.
Fractionation of antigens by Sephadex G-200 chromatography. In an attempt to obtain a specific B. ovis antigen, the sonic and saline extracts were subjected to gel filtration using (Fig. 2) . Precipitin band formation was observed (Table 3) when Sephadex fraction I from the B. ovis sonic extract was tested in gel diffusion with sera from sheep infected with B. ovis and sera from animals immunized with other rough strains, but not with sera from goats vaccinated or infected with smooth Brucella. Fraction II of the B. ovis sonic extract gave positive reactions with the same sera as the whole sonic extract (Table 1) , and fractions III and IV were negative.
All six fractions comprising the single peak eluted after Sephadex fractionation of the B. ovis saline extract (Table 3) produced bands in gel diffusion with sera from animals vaccinated or infected with rough Brucella, but not with sera from animals vaccinated or infected with smooth Brucella. The five fractions in the single peak of the B. melitensis saline extract reacted only with anti-smooth Brucella sera, and these lines stained with Sudan black.
Immunoelectrophoretic analysis of antigens. In order to study their specificity and electrophoretic mobility, immunoelectrophoresis of the antigens against anti-B. ovis sheep serum and anti-B. melitensis goat serum was performed. The B. ovis sonic extract (Fig. 3A) revealed a number of bands with anti-B. ovis serum and a single line with the anti-B. melitensis serum. The line labeled 1 developed by the two sera showed pronounced staining with Sudan black. The B. ovis saline extract (Fig;  3B) developed a wide diffuse arc of anodic mobility only with anti-B. ovis serum. A similar arc was detected in the slide of B. ovis sonically treated antigen (Fig. 3A, line 2) .
The B. melitensis (Fig. 3C ) and 45/20 sonic extracts (Fig. 3D ) revealed several lines with anti-B. melitensis serum. These lines were fine, clear, and with slight electrophoretic mobility. The saline extract of B. melitensis (Fig. 3E) (16) had found a close agreement between the complement fixation and agar gel diffusion test using the sonically treated B. ovis antigen for the diagnosis of ram epididymitis. In the present study the saline extract of B. ovis was not found to be anticomplementary, and when compared with the sonically treated antigen, similar titers were obtained. The saline extract antigen had the additional advantage of requiring less complement.
The two B. ovis antigens and the B. melitensis saline extract were tested in the complement fixation test with the sera shown in Sera containing precipitins to the surface antigens also had agglutinins to smooth antigen (Jones, Garcia-Carrillo, and Alton, Amer. J. Vet. Res., in press). Removal of agglutinins by absorption with whole smooth cells removed the precipitins for these antigens. Precipitins to these antigens appeared as early as five days after artificial infection, but they were not always demonstrable in sera with titers to the other tests.
In contrast, the presence of precipitins to the sonically treated antigens was not correlated vwith the presence of agglutinins to smooth antigens. They were present in sera of animals infected or vaccinated with rough brucella and were most consistently present in sera of goats given adjuvant vaccines. After infection these precipitins appeared later than the precipitins to the surface antigen but they did not always persist as long as the infection. Smooth and rough Brucella show little or no antigenic relationship in agglutination tests using whole-cell antigens (12) . The smooth surface antigens contain both the A and M agglutinogens (10) postulated by Wilson and Miles (19) to be present in different proportions on B. abortus and B. melitensis cells. These antigens have been identified as a lipid-carbohydrate-protein complex with many of the biological properties of the endotoxins of Enterobacteriaceae (14) and, when extracted by means of hot phenol-water (1, 14) , ether-water (10), or saline (4), produce bands in gel diffusion tests with all anti-smooth brucella sera.
As the B. melitensis surface antigen has better diffusibility in agar gel than that of B. abortus (4) Bhongbhibhat et al. (2) with the first peak eluted in the void volume of Sephadex G-100 column chromatography of a saline extract of B. melitensis Rev. 1. Attempts to isolate a surface antigen with endotoxic properties from rough strains of B. abortus (1), B. ovis and B. melitensis (10) , and B. canis (12, 13; R. Morisset, C. W. Howe, and W. N. Spink, Bacteriol. Proc., p. 101, 1971) have not been successful. Although a cell-free extract of B. ovis has been employed in the complement fixation test (7), it has not been analyzed by immunoelectrophoresis and Sephadex column chromatography previously to our knowledge. In the present study, an antigen specific for the surface of rough brucella cells was obtained in 0.85% saline extract of B. ovis cells. This antigen had the same elution characteristics with Sephadex G-200 column chromatography as the smooth surface antigen, was Sudan black-positive in gel diffusion, but had a wide diffuse arc of anodic mobility in immunoelectrophoresis which was in contrast to the cathodic mobility of the smooth surface antigen. Sonically treated B. ovis antigen contained the rough surface antigen, demonstrable with immunoelectrophoresis, as well as antigens which cross-reacted with sera from smooth brucella infections.
For the diagnosis of ram epididymitis, the saline extract of B. ovis is as sensitive in both the complement fixation and gel diffusion tests as the sonically treated antigen originally employed. It has the advantage of being nonanticomplementary, easier to prepare, and not showing cross-reactions in gel diffusion with sera from smooth infections. This makes it applicable in countries where both B. ovis and B. melitensis are endemic in sheep.
The gel diffusion method might be practical for the diagnosis of B. canis infection in dogs as some difficulties have been encountered in the agglutination test presently employed for that infection (5). It does not appear, however, to be as sensitive as the established methods for the diagnosis of B. melitensis and B. abortus infections.
Serum samples from sheep infected with B. ovis were fractionated by Sephadex G-200 column chromatography. Serological activity with both the complement fixation and gel diffusion tests was demonstrated in the IgG-containing fraction throughout the observation period of 412 days. No activity could be detected in the IgM-containing fraction with either the saline-extracted or sonically treated antigens even in sera obtained 12 days after infection.
